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(54) HYDROGEN OCCLUDING LAMINATED STRUCTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hydrogen occluding laminated 
structure whose hydrogen discharging temperature is low while holding a 
high amount of hydrogen to be occluded. 

SOLUTION: This hydrogen occluding laminated structure 1 is provided 
with a hydrogen occluding layer 2 composed of Mg or an Mg based 
hydrogen occluding alloy whose structure is made into the nano one and a 
pair of hydrogen transferring layers 3, 3 laminated on both surfaces of the 
hydrogen occluding layer 2 so as to hold the same, respectively giving 
catalytic effect capable of dissociating gaseous hydrogen into an atomic 
state, also diffusing the dissociated hydrogen atoms over the insides and 
transferring the hydrogen atoms into/ from the hydrogen occluding layer 
2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s h OW s the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The hydrogen-absorption laminated-structure object which a laminating is carried out to both the front face 
so that the hydrogen-absorption layer which consists of Mg or Mg system hydrogen storing metal alloy by which nano 
structuring was carried out, and the above-mentioned hydrogen-absorption layer may be pinched, and is made to carry 
out the internal diffusion of the hydrogen atom which discovered and dissociated respectively the catalysis which may 
make hydrogen gas dissociate in the shape of an atom, and is characterized by having this hydrogen-absorption layer 
and the hydrogen transfer layer of the couple which performs transfer of a hydrogen atom. 
[Claim 2] The above-mentioned hydrogen-absorption layer is a hydrogen-absorption laminated-structure object 
according to claim 1 characterized by including a nano columnar crystal. 

[Claim 3] The above-mentioned hydrogen-absorption layer is a hydrogen-absorption laminated-structure object 
according to claim 1 characterized by including nano crystal grain. 

[Claim 4] The above-mentioned nano columnar crystal is a hydrogen-absorption laminated-structure object according 
to claim 2 characterized by column width being 50nm or less. 

[Claim 5] It is the hydrogen-absorption laminated-structure object according to claim 1 to 4 characterized by at least 
one side containing a noble-metals element among the hydrogen transfer layers of the above-mentioned couple. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a hydrogen-absorption laminated-structure 

object. 

[0002] 

[Description of the Prior Art] In recent years, hydrogen attracts attention as a clean energy source which the air 
pollution and the global warming by use of a fossil fuel, such as a fuel oil and a gasoline, are greatly dealt with as an 
environmental problem, and is replaced with a fossil fuel. And in order to use hydrogen as an energy source, the 
medium for carrying out occlusion of it is needed. 

[0003] As this medium, in order to carry out occlusion of a lot of hydrogen to 7.6 mass % by the letter of bulk 
(massive), promising ** of Mg is carried out as one of the component elements of the alloy which constitutes 
hydrogen-absorption material or hydrogen-absorption material. However, since the hydride (MgH2) is 
thermodynamically stable, Mg needs the elevated temperature of 300 degrees C or more for discharge of hydrogen, and 
this has become a big neck to utilization. 

[0004] On the other hand, the hydrogenation property of a metal thin film is studied in order to mainly investigate the 
behavior of the hydrogen atom in a metal. Although research fundamental also about the hydrogenation property of Mg 
thin film is made, and it is clear about low temperature-ization of hydrogen-desorption temperature being attained by 
thin-film-izing Mg, the thing with potential sufficient as hydrogen-absorption material is not reported until now. 
Specifically in the Pd/Mg laminating thin film created by the vacuum deposition, it is reported that Mg emits [ the 
hydrogen storage capacity of Mg ] hydrogen to a 0.5 mass % and low case at about 90 degrees C. 
[0005] this invention person moreover, by the RF (RF) support magnetron sputtering method If a Pd/Mg laminating 
thin film is created using Ar gas pressure as 0.5-1 .OPa If it hydrogenates as it is and oxidization is prevented, without 
Mg layer's becoming what was formed of the columnar structure of lOOnm or less of column width which carried out 
nano structuring, and making the atmosphere touched after forming this It has found out that hydrogen-desorption 
temperature can be made to low-temperature-ize to the 1 10 degrees C of the minimum abbreviation, maintaining the 
high hydrogen storage capacity of 2 - 6 mass % in Mg layer. However, still, the hydrogen storage capacity made into 
the practical use range turns into 3 mass % and high capacity, and that whose hydrogen-desorption temperature is 100 
degrees C or less is not obtained. In addition, Pd layer has the catalysis which may make hydrogen gas dissociate in the 
shape of an atom, and plays a role of an entrance of the hydrogen atom to Mg layer here. 

[0006] Furthermore, the charge of hydrogen-absorption plywood which carried out the laminating of the layer which 
contains 4A group elements, such as Ti whose stable crystal structure is hep structure, under ordinary temperature and 
an ordinary pressure, and the layer which contains elements, such as Cr whose stable crystal structure is bec structure, 
under ordinary temperature and an ordinary pressure is indicated by JP,9-59001,A, and it is indicated that the occlusion 
performance of hydrogen in which it excelled by this composition is discovered. However, the indication about 
hydrogen-desorption temperature is not made by this. 
[0007] 

[Problem(s) to be Solved by the Invention] The technical problem of this application has hydrogen-desorption 
temperature in offering a low hydrogen-absorption laminated-structure object, though high hydrogen storage capacity 
is held. 
[0008] 

[Means for Solving the Problem] this invention carries out the internal diffusion of the hydrogen atom which 
discovered and dissociated the catalysis which may make hydrogen gas dissociate the hydrogen-absorption layer which 
consists of Mg or Mg system hydrogen storing metal alloy by which nano structuring was carried out in the shape of an 
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atom, and it carries out a laminating so that it may insert in a hydrogen-absorption layer and the hydrogen transfer layer 
-of the couple which delivers and receives a hydrogen atom. 

[0009] It is the hydrogen-absorption laminated-structure object which a laminating is carried out to both the front face 
so that the hydrogen-absorption layer which consists of Mg with which nano structuring of this invention was 
specifically carried out, or Mg system hydrogen storing metal alloy, and the above-mentioned hydrogen-absorption 
layer may be pinched, and is made to carry out the internal diffusion of the hydrogen atom which discovered and 
dissociated the catalysis which may make hydrogen gas dissociate in the shape of an atom, and is respectively 
characterized by to have this hydrogen-absorption layer and the hydrogen transfer layer of the couple which performs 
transfer of a hydrogen atom. 

[0010] Since the internal diffusion of the hydrogen atom to which the hydrogen-absorption layer which consists of Mg 
or Mg system hydrogen storing metal alloy by which nano structuring was carried out according to the above- 
mentioned composition discovered and dissociated the catalysis which may make hydrogen gas dissociate in the shape 
of an atom is carried out, and the laminating is carried out so that it may be inserted in a hydrogen-absorption layer and 
the hydrogen transfer layer of the couple which performs transfer of a hydrogen atom, although high hydrogen storage 
capacity is held, hydrogen-desorption temperature will become low. The following things are presumed although it is 
not clear about this mechanism. 

[001 1] First, since the hydrogen transfer layer which is made to carry out the internal diffusion of the hydrogen atom 
which discovered and dissociated the catalysis which makes hydrogen gas dissociate in the shape of an atom, and is 
delivered and received between hydrogen-absorption layers is arranged in the upper and lower sides of a hydrogen- 
absorption layer, respectively, the entrance of the hydrogen atom to a hydrogen-absorption layer will be secured 
widely, and hydrogen absorption and discharge of a hydrogen-absorption layer will be performed smoothly. 
[001 2] Moreover, since the hydrogen-absorption layer to which the laminating of the hydrogen transfer layer was 
carried out up and down will also receive cubical expansion and the force to contract in connection with it according to 
the occlusion and discharge of a hydrogen atom in order to contract, cubical expansion and, a hydrogen transfer layer 
While the occlusion of a hydrogen atom is promoted in response to the force in which the volume of a hydrogen- 
absorption layer expands, at the time of the occlusion of the hydrogen atom of a hydrogen transfer layer, at the time of 
discharge of the hydrogen atom of a hydrogen transfer layer It will be urged to the discharge of a hydrogen atom which 
was carrying out occlusion in response to the force which the volume of a hydrogen-absorption layer contracts, and 
hydrogen absorption and discharge of a hydrogen-absorption layer will be performed smoothly. 
[001 3] The amorphous field of hydrogen-absorption ability whose atomic arrangement is a non-dense is higher than a 
crystalline region with a dense atomic arrangement. Furthermore, the sake, By following on expansion and contraction 
of a crystalline region, and expanding and contracting an amorphous field Then, hydrogen absorption and discharge are 
promoted in response to the operation with an elastic hydrogen atom, namely, generally an amorphous field is 
considered to be what mainly carries out occlusion of the hydrogen to a crystalline region being what mainly promotes 
hydrogen absorption and discharge. On the other hand, nano structuring is carried out and the hydrogen-absorption 
layer has become what has the continuous change to the random atomic arrangement of an amorphous field from the 
regular atomic arrangement of a crystalline region. Moreover, since it is thought that the energy barrier at the time of a 
hydrogen atom diffusing between both fields mutually is small, the diffusion path of a hydrogen atom is secured 
greatly and a hydrogen atom can go both fields back and forth smoothly. Expansion and contraction of both fields will 
receive the operation with an elastic hydrogen atom, and hydrogen absorption and discharge will be simultaneously 
performed smoothly in both fields. 

[0014] Here, "nano structure" consists of a crystalline region and an amorphous field (metastable phase with an 
amorphous phase and short-distance order), and means the structure where these fields consist of NANOMETORU 
(ten 9th [ -] power meter) scales. 

[001 5] Moreover, "Mg system hydrogen storing metal alloy" means the hydrogen storing metal alloy which used Mg, 
such as a Mg-nickel system and an Mg-Re (rare earth elements) system, as the base. 

[0016] And the thing in which column width contains a nano columnar crystal lOOnm or less, then the above- 
mentioned operation effect will be performed proper, and a hydrogen-absorption layer has them. [ desirable ] In this 
case, as for a nano columnar crystal, it is more desirable that column width sets to 50nm or less. 
[0017] Moreover, a hydrogen-absorption layer can acquire the same operation effect as the case where a nano 
columnar crystal is included also as a thing containing nano crystal grain. In this case, as for the diameter of crystal 
grain, it is desirable to be referred to as 50nm or less. 

[001 8] Furthermore, as for at least one side, it is desirable among the hydrogen transfer layers of a couple that noble- 
metals elements, such as Pd and Pt, are included. A noble-metals element is because the catalyst performance which 
makes hydrogen gas dissociate in the shape of an atom is high. As for especially PdH and Pd which constitutes an 
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about 0.6-PdH hydride in fact, it is desirable for the diffusibility ability in a layer of a hydrogen atom to be superior to 
. other noble metals, and to make it include this in a hydrogen transfer layer. 
[001 9] Moreover, you may make it include similarly both either of the transition-metals elements which have a 
peripheral electron into 3d orbits, such as either of the rare earth elements, such as La and Nd, or V, nickel, Cu, or 
these rare earth elements, and a transition-metals element at least in one side among the hydrogen transfer layers of a 
couple. 

[0020] The above hydrogen-absorption laminated-structure objects are used as the three-tiered structure object which 
consists of a hydrogen transfer layer by which the laminating was carried out so that a hydrogen-absorption layer and it 
may be inserted from the upper and lower sides, and also they are good as the five-layer structure which carried out the 
laminating of a hydrogen transfer layer and the hydrogen-absorption layer by turns, or the seven-layer structure. 
However, both outermost layers of drum need to be taken as a hydrogen transfer layer in this case. 
[0021] And if coarse grinding of this hydrogen-absorption laminated-structure object is carried out with a laminated 
structure held and a container is filled up with it, it can be used for the hydrogen-absorption object of a stationary type 
or a mobile formula. 

[0022] Moreover, if nickel porous bodies, such as foaming nickel, are made to support the powder of this hydrogen- 
absorption laminated-structure object, it can also be used as an electrode of a rechargeable battery. In this case, if a 
laminated-structure object is established on a nickel substrate, it can use as a negative electrode as it is. 
[0023] Furthermore, changing to light impermeability in reversible at the time of a light transmission and hydrogen 
desorption is found out at the time of hydrogen absorption, and the hydrogen-absorption layer of this hydrogen- 
absorption laminated-structure object can apply what established the laminated-structure object on transparent 
substrates, such as glass, to a display, a SUICHA bull mirror, a sunroof, etc., for example from the manifestation of the 
reversible light-transmission nature of the hydrogen-absorption layer accompanying hydrogen-absorption discharge 
being easily realizable. However, in order to give a high light transmittance in this case, as for a hydrogen transfer 
layer, it is desirable to make it as thin as possible below 1 Onm order. In addition, this property is discovered when a 
hydrogen-absorption layer consists of Mg simple substances. 
[0024] 

[Effect of the Invention] Since the internal diffusion of the hydrogen atom to which the hydrogen-absorption layer 
which consists of Mg or Mg system hydrogen storing metal alloy by which nano structuring was carried out according 
to this invention as explained above discovered and dissociated the catalysis which may make hydrogen gas dissociate 
in the shape of an atom is carried out, and the laminating is carried out so that it may be inserted in a hydrogen- 
absorption layer and the hydrogen transfer layer of the couple which performs transfer of a hydrogen atom, although 
high hydrogen storage capacity is held, hydrogen-desorption temperature becomes a low thing. 
[0025] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained in detail based on a 
drawing. 

[0026] Drawing 1 shows the composition of the hydrogen-absorption laminated-structure object concerning the 
operation gestalt of this invention. 

[0027] This hydrogen-absorption laminated-structure object 1 consists of three-tiered structures which consist of a 
hydrogen-absorption layer 2 and hydrogen transfer layers 3 and 3 by which the laminating was carried out to the upper 
and lower sides of the hydrogen-absorption layer 2. 

[0028] The hydrogen-absorption layer 2 is constituted by the nano columnar crystals 2a and 2a of 50nm or less of 
column width which carried out orientation in the direction of thickness, and Mg simple substance containing — by 
which nano structuring was carried out. Mg has the function which carries out occlusion of a lot of hydrogen to 7.6 
mass % by the letter of bulk (massive). 

[0029] Each hydrogen transfer layer 3 is constituted by Pd simple substance. Pd has the function to which the internal 
diffusion of the catalysis which makes hydrogen gas dissociate in the shape of an atom is discovered and carried out. 
[0030] The hydrogen-absorption mechanism of this hydrogen-absorption laminated-structure object 1 is considered as 
follows, although it is not clear. 

[003 1] first, the thing for which it has the admission passage of hydrogen gas up and down as the hydrogen transfer 
layers 3 and 3 are arranged in the upper and lower sides of the hydrogen-absorption layer 2, respectively and the 
arrows A and A of drawing 1 and — show --**-- since it becomes, the entrance of the hydrogen atom to the hydrogen- 
absorption layer 2 will be secured widely, and hydrogen absorption and discharge of the hydrogen-absorption layer 2 
will be performed smoothly 

[0032] The hydrogen transfer layers 3 and 3 respond to the occlusion and discharge of a hydrogen atom. Moreover, in 
order [ cubical expansion, in order to contract ], Since cubical expansion and the force to contract will be received in 
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the direction which also shows the hydrogen- absorption layer 2 to which the laminating of the hydrogen transfer layers 
3 and 3 was carried out up and down to the arrows B and B of drawing 1 in connection with this At the time of the 
" occlusion of the hydrogen atom of the hydrogen transfer layers 3 and 3 While the occlusion of a hydrogen atom is 
promoted in response to the force in which the volume of the hydrogen-absorption layer 2 expands, at the time of 
discharge of the hydrogen atom of the hydrogen transfer layers 3 and 3 It will be urged to the discharge of a hydrogen 
atom which was carrying out occlusion in response to the force which the volume of the hydrogen-absorption layer 2 
contracts and hydrogen absorption and discharge of the hydrogen-absorption layer 2 will be performed smoothly. 
r00331 Furthermore, nano structuring is carried out and the hydrogen-absorption layer 2 has become what has the 
continuous change to the random atomic arrangement of an amorphous field from the regular atomic arrangement of a 
crvstalline region, moreover, between both fields from it being thought that the energy barrier at the time of a hydrogen 
atom being spread mutually is small As the arrows C and C of drawing 1 and - show, the diffusion path of a hydrogen 
atom is secured greatly and a hydrogen atom can go both fields back and forth smoothly. Expansion and contraction of 
both fields will receive the operation with an elastic hydrogen atom, and hydrogen absorption and discharge will be 
simultaneously performed smoothly in both fields. 

r 00341 Next the manufacture method of this hydrogen-absorption laminated-structure object is explained. 

0035 Drawing 2 shows the composition of RF support magnetron sputtering system used for the manufacture. 

0036 RF support magnetron sputtering system is the thing of composition of having prepared the coil for inductive- 
coupling RF plasma electric discharge above the planar magnetron cathode. According to this equipment it becomes 
producible about the thin film which sputtering in low voltage atmosphere is possible and are high density and a high 
erade and was excellent in smooth nature. Moreover, the membrane formation to the low substrate of the formation of 
a low'plasma damage and heat-resistant temperature and the thickness control in a quartz-resonator formula thin film 
monitor become possible from the ability of a long distance between a substrate and a target to be taken Furthermore, 
precision control (a multilayer, superlattice) of precision control (a compound, alloy) of multicomponent film 
composition and a laminating period is attained from a plural simultaneous spatter being possible. Moreover, about the 
unifonnity of membrane formation, uniform membrane formation is attained from a cathode in latus size. 

T00371 And sputtering is carried out to the order of Pd, Mg, and Pd on substrates, such as glass, a quartz, and nickel 
board in Ar gas atmosphere using this RF support magnetron sputtering system. At this time, sputtering ot Mg 
performs Ar gas pressure as 0.5-1 .OPa. Of this, Mg layer (hydrogen-absorption layer) containing the nano columnar 
crystal of 50nm or less of column width which carried out orientation by which nano structuring was earned out will 
be formed in the direction of thickness. . . . 

[00381 Since the internal diffusion of the hydrogen atom to which the hydrogen- absorption layer 2 which consists of 
Me simple substance by which nano structuring was carried out according to the hydrogen- absorption laminated- 
stmcture object 1 of the above-mentioned composition discovered and dissociated the catalysis which may make 
hvdroeen gas dissociate in the shape of an atom is carried out, and the laminating is earned out so that it may be 
inserted in a hydrogen-absorption layer and the hydrogen transfer layers 3 and 3 of the couple which consists of Pd 
simple substance which delivers and receives a hydrogen atom, although high hydrogen storage capacity is held, 
hvdroeen-desorption temperature becomes a low thing. 

T0039] And since the hydrogen-absorption layer 2 consists of nano columnar crystals 2 a and ,2a i of 50nm or ^less ot 
column width, and Pd in which, as for the hydrogen transfer layers 3 and 3, - forms a hydride (PdH) including Mg and 
the performance which diffuses a hydrogen atom in the hydrogen transfer layer 3 and 3 is high, the above-mentioned 
operation effect becomes what was extremely excellent. 

r00401 In addition, although the hydrogen-absorption laminated-structure object 1 was made into the three-tiered 
structure with the above-mentioned operation gestalt, it is good also as the five-layer structure which is not limited to 
especially this, used both outermost layers of drum as the hydrogen transfer layer, and earned out the laminating ot a 
hvdroeen transfer layer and the hydrogen-absorption layer by turns, or the seven-layer structure. In this case, the 
hydrogn gas introduced from the hydrogen transfer layer outside both ** is mainly dissociated by the hydrogen atom. 
When it is advanced and spread in the hydrogen-absorption layer [ directly under ] of ,t after the dissociated hydrogen 
atom diffuses the inside of an outermost hydrogen transfer layer, and a hydrogen atom is further advanced and spread 
in a middle hydrogen transfer layer A hydrogen atom is promptly spread on the whole laminated-structure object, and 
it is presumed thafit is that by which a hydrogen atom is efficiently incorporated by the internal hydrogen- absorption 
layer Moreover the hydrogen transfer layer is considered that a middle hydrogen transfer layer is what has achieved 
the function like a pump which it makes a hydrogen atom permeate to an internal hydrogen-absorption layer since the 
diffusion rate of a hydrogen atom is quick rather than a hydrogen-absorption layer. 

r00411 Moreover with the above-mentioned operation gestalt, although the hydrogen-absorption layer 2 shall contain 
the nano columnar crystals 2a and 2a and --, it is not limited to especially this and nano crystal grain may be included. 
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[0042] Moreover, with the above-mentioned operation gestalt, although the hydrogen-absorption laminated-structure 
. object 1 was manufactured by the RF support magnetron sputtering method, it is not limited to especially this and you 
may manufacture with powder metallurgy, such as the rolling-out method. 
[0043] 

[Example] (Test evaluation 1) 

By each method of the magnetron sputtering method (the "B method" is called below) do not use the <sample 
production> RF support magnetron sputtering method (the "A method" is called below) and RF, the sample of the 
Pd/Mg two-layer laminated-structure object (0.07Pa, 0.7Pa, and 7Pa) which carried out 3 level variate was produced 
for Ar gas pressure at the time of sputtering of Mg on the glass substrate. The sputtering conditions of Mg were set to 
DC0.05A, and when based on the A method, they set RF power to 200W. Moreover, the sputtering conditions of Pd 
were set to 7x10 to 2 Pa Ar gas pressure, and DC0.1A, and when based on the A method, they set RF power to 50W. 
[0044] the <test evaluation method> ~ all — the sample which formed membranes about each of six sorts of samples - 
the atmosphere --**** — it was made to move to a hydrogenation chamber, holding in a vacuum without things, and 
hydrogenated by holding it under the atmosphere of 373K by hydrogen-gas-pressure O.lMPa for 24 hours 
[0045] Subsequently, the sample was held in the vacuum, the temperature up was carried out from a room temperature 
to 573K by the programming rate of 4 K/min, thermal temperature-programmed-desorption (TDS) analysis performed 
gas-evolution profile measurement, and temperature of the peak of the amount of gas evolutions was made into 
hydrogen-desorption temperature. 

[0046] Moreover, the crystal structure was analyzed by an X diffraction experiment and electron microscope 
observation about each of a sample. 

[0047] <Test evaluation result> drawing. 3 shows the relation between Ar gas pressure at the time of sputtering of Mg, 
and hydrogen-desorption temperature. Drawing 4 shows typically the composition of a Pd/Mg two-layer laminated- 
structure object, and what (a) made 0.7Pa of Ar gas pressure by the B method, the thing which (b) made 0.07Pa of Ar 
gas pressure by the A method, and (c) are taken as 0.7Pa of Ar gas pressure by the A method. 

[0048] According to d rawin g 3 , it turns out by any case of Ar gas pressure that the sample produced by the A method 
has hydrogen-desorption temperature lower than the sample produced by the B method. Moreover, it also turns out that 
hydrogen-desorption temperature is low rather than the direction which set Ar gas pressure to 0.7Pa also sets to 0.07Pa 
or 7Pa the sample produced by which method of the A method and the B method. 

[0049] Although the columnar crystal which carried out orientation also of any to Mg layer in the direction of thickness 
was checked as shown in drawing 4 , it turns out that the column width is small, so that hydrogen-desorption 
temperature becomes low. According to crystal structure analysis, in what was made into 0.7Pa of Ar gas pressure by 
the A method, the column width of a columnar crystal was 1 OOnm or less. 

[0050] As mentioned above, in the Pd/Mg two-layer laminated-structure object, by setting Ar gas pressure at the time 
of sputtering to 0.5-1. OPa by the A method, while the small (lOOnm or less) nano columnar-crystal structure of column 
width was formed in Mg layer, it was checked that the hydrogen-desorption temperature of a Pd/Mg two-layer 
laminated-structure object will become low. 
[0051] (Test evaluation 2) 

By each method of the <sample production> A method and the B method, the sample of the Pd/Mg two-layer 
laminated-structure object (lOOnm, 200nm, 400nm, 600nm, and 800nm) which carried out 5 level variate was 
produced for Mg layer thickness on the glass substrate. The sputtering conditions of Mg were set to 7x10 to 1 Pa Ar 
gas pressure, and DC0.05A, and when based on the A method, they set RF power to 200W. Moreover, the sputtering 
conditions of Pd were made into 7x10 to 2 Pa Ar gas pressure, DC0.1 A, and 50nm of thickness, and when based on the 
A method, they set RF power to 50W. 

[0052] The <test evaluation method> While asking for hydrogen-desorption temperature like the test evaluation 1 
about each sample of a total of ten sorts, four-fold [ in all ] mass analysis was performed very much at the time of 
thermal temperature-programmed-desorption (TDS) analysis, and what measured the mass of the emitted hydrogen and 
converted it into the percentage to the weight of Mg layer was made into the amount of hydrogen desorption. 
[0053] <Test evaluation result> d ra wing 5 shows the relation between Mg layer thickness and the amount of hydrogen 
desorption. Drawing 6 shows the relation between Mg layer thickness and hydrogen-desorption temperature. 
[0054] According to drawing 5 , although the amount of hydrogen desorption is falling as Mg layer thickness becomes 
thick, and the sample produced by which method of the A method and the B method was also produced by the A 
method, it is known by that a fall inclination [ in / 400nm or more in thickness / in the direction ] is small. 
[0055] According to drawing 6 , the sample produced by which method of the A method and the B method is also 
known by that hydrogen-desorption temperature is falling as Mg layer thickness becomes thick. 
[0056] (Test evaluation 3) 
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By the <sample production A method, the sample of the three layer laminated-structure object (25nm, 50nm, lOOnm, 
200nm 400nm oOOnm, SOOnm, and 1200nm) of Pd/Mg/Pd which earned out 8 level vanate was produced for Mg 
layer Aicknes^ on the glass substrate. Moreover, the sample of the Pd/Mg two-layer laminated-structure object which 
seflllg lay^ thickness to 1200nm was also produced by the A method. Each sputtering condition of Mg and Pd 
nresunnosed that it is the same as that of the test evaluation 2. 

ESmSte < es evaluation method> Hydrogen-desorption temperature and the amount of hydrogen ^sorption were 
calculated by the same method as the test evaluation 2 about each sample of a total of nine sorts. Here, in the sample of 
the t^J^Zclstruc^c object 400nm or more of Pd/Mg/Pd, the sample exfoliated from the glass substrate 
^ the to ofa hydrogen treating, and Mg layer thickness analyzed with the exfoliative sample simple substance. 
[0058] | Moreover! the crystal structure was analyzed by an X diffraction experiment and electron microscope 

^S^J!^^^^ shows an example of the sample of the produced three ^^6- 
stnVcmre obiect of Pd/Mg/Pd. Drawing 8 shows the example of a profile of thermal temperature-programmed- 
SSSdoS cSs) mSyS of the hydrogenated three layer laminated-structure object of Pd/Mg/Pd (the ion current 
™™H, tn the amount of hvdrogen desorption). Drawing 9 shows the relation between Mg layer thickness and the 

^S^X^X^^ 1 °* hows between Mg layer thi ?^ ess f hy f oeen fTTZ e 

S^Sta^dition, the data in the test evaluation 2 are used by the data of a Mg/Pd two-layer laminated-structure 
nhieVt drawing 9 and among 10 except that whose Mg layer thickness is 1200nm. 

r0060] Tr ample of the three layer laminated-structure object of Pd/Mg/Pd has the composition that the laminating of 
Pd layer Mg kyer and the Pd layer was carried out on the glass substrate at order as shown in drawing 7 and crystal 
stmcrare anfly^is showed that Mg layer had the columnar- crystal structure of 10-50nm of column width which earned 
ouTnano Zcturing. the front face of the ground since the latter is Pd layer to the ground of the .former in the case of 
snutteriL of Mg layer being a glass substrate as for the thing with smaller three layer laminated-structure object [ of 
ffl festal size compared with the Pd/Mg two-layer laminated-structure object (lOOnm or ess of column 
widA) of tne tost evaluation 1 - it is presumed that the difference of a character and a heat-conduction property 

moem According to drawing 8 , it turns out that the temperature from which the amount of hydrogen desorption from 
Ever serves fs a peak i.e., hydrogen-desorption temperature, has shifted to a low temperature side so that Mg 
^X^b^Sfliick Moreover, since the peak value is increasing so that Mg layer thickness becomes thick, 
™7ouTthat ^amount of hydrogen which occlusion was carried out to Mg layer and emitted to it is increasing 
o5£ A^LTto™ wtag 9 fin the case of the three layer laminated-structure object of Pd/Mg/Pd the amount of 
hvdrolen desomtion ^maintaining the level more than 4.4 - 5.9 mass % and 4 mass % to the amount of hydrogen 

S Sg [ Mg^ayer thickness ] even to 2.6 mass % from 5.7 mass % in the range to SOOnm in the case of a 
Pd/Mg ^twl-SLiLted-structure object. With a Pd/Mg two-layer laminated-structure ob ject since a hydrogen 
atom I h not permeate to Mg layer center if Mg layer thickness is set to 600nm or more, the occlusion of hydrogen 
becomes imperfect and this is considered to have led to reduction of the amount of hydrogen desorption. With the 
Swi™S^d-structu« object of Pd/Mg/Pd, since Pd layer is in the vertical both sides of Mg layer, even if Mg 
aver K^tW^a Mrogen aU is considered to be what permeates promptly to Mg layer center. However, also 
n the Sr y « laiinaLi-^ucture object of Pd/Mg/Pd, if Mg layer thickness is set to 1200nm the amount of 
hydrogen ^deso^tion will be low, and it is thought that this is because the occlusion of hydrogen became imperfect 

»d the flayer laminated-structure object of Pd/Mg/Pd and a Pd/Mg two-layer laminated-structure 
oSSe SwnT former one ] by that hydrogen-desorption temperature is lower than the latter when Mg layer 
thc^Z ^iftn^eTpedficilly! Mg layer thickness is falling even to 90 degrees C in SOOnm or more at the latter to 
t^^^Zp^tJ^ [ Mg layer thickness ] to about 1 10 degrees C in SOOnm or more br *e 
formef Moreover, consideration of the result of the test evaluation 1 expects that hydrogen-desorption temperature 
Smes low in the smaller columnar-crystal structure of column width which earned out nano structuring. 
\OoZ WUlTthe tee layer laminated-structure object of Pd/Mg/Pd, although the sample exfoliated [ Mg layer 
thickness 1 from the glass substrate in 400nm or more at the time of hydrogenation, a touch area with the hydrogen gas 
of -M layer wilTbe greatly secured by this, and it is thought that it was connected with the bottom of maintenance of the 
SgVaSof ^gJdesorption and the low temperature of hydrogen-desorption temperature^ That is, ; .substrate 
isfequTred of the stag! which produces a laminated-structure object by the sputtering method etc. It is though that a 
Sis not required in case it is actually used as hydrogen-absorption matenal, and hydrogen absorption and the 
cClcSZ* are excellent in the direction which does not have a substrate rather (however, in case it is used 
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as a negative electrode of a rechargeable battery). If a laminated structure is made to form in substrates, such as nickel, 
-it can be used as a negative electrode as it is, and a manufacture process can be simplified. 

[0065] As mentioned above, the three layer laminated-structure object of Pd/Mg/Pd was excellent in the property of 
reducing hydrogen-desorption temperature, compared with the Pd/Mg two-layer laminated-structure object, 
maintaining the high amount of hydrogen desorption, and especially, when Mg layer thickness was thick (400-800nm), 
it was checked that it becomes remarkable. 
[0066] (Test evaluation 4) 

<Sample production> Mg layer thickness is fixed to 200nm. by the A method The three layer laminated-structure 
object of Pd/Mg/Pd (200nm in whole Mg layer thickness), The five layer laminated-structure object of 
Pd/Mg/Pd/Mg/Pd (400nm in whole Mg layer thickness), Pd/Mg/~ The seven layer laminated-structure object of /Pd 
(600nm in whole Mg layer thickness), The sample of a nine-layer laminated-structure object (800nm in whole Mg 
layer thickness), a 1 1 -layer laminated-structure object (lOOOnm in whole Mg layer thickness), and a 13-layer 
laminated-structure object (1200nm in whole Mg layer thickness) was produced on the glass substrate, respectively. 
Each sputtering condition of Mg and Pd presupposed that it is the same as that of the test evaluation 2. 
[0067] The <test evaluation method> Hydrogen-desorption temperature and the amount of hydrogen desorption were 
calculated by the same method as the test evaluation 2 about each sample of a total of six sorts. 
[0068] <Test evaluation result> drawing 1 1 shows the relation between the whole Mg layer thickness and the amount 
of hydrogen desorption. Drawing 12 shows the relation between the whole Mg layer thickness and hydrogen- 
desorption temperature. In addition, the data in the test evaluation 3 are used for the data of the three layer laminated- 
structure object of Pd/Mg/Pd in drawing 1 1 and 12. 

[0069] According to dr awi ng 1 1 , with a Pd/Mg/Pd three-tiered structure object, to the amount of hydrogen desorption 
showing the fall inclination, even if the whole Mg layer thickness becomes thick, there is no fall of the amount of 
hydrogen desorption, and it turns out with the multilayer laminated-structure object of five or more layers that 4.5 - 5.0 
mass % and about 1 constant value are shown as Mg layer thickness becomes thick. With a Pd/Mg/Pd three-tiered 
structure object, since there is a Mg layer, if the layer thickness becomes thick, in order that a non-hydrogenated 
portion may remain in a portion with a deep layer, it is thought that it is that to which the amount of hydrogen 
desorption falls, on the other hand, with the multilayer laminated-structure object of five or more layers When it is 
advanced and spread in Mg layer [ directly under ] of it after the hydrogen gas introduced from Pd layer outside both 
** is mainly dissociated by the hydrogen atom and the dissociated hydrogen atom diffuses the inside of an outermost 
Pd layer, and a hydrogen atom is further advanced and spread in a middle Pd layer A hydrogen atom is promptly 
spread on the whole laminated-structure object, and it is presumed that it is that by which a hydrogen atom is 
efficiently incorporated by internal Mg layer. Moreover, the Pd layer is considered that a middle Pd layer is what has 
achieved the function like a pump which it makes a hydrogen atom permeate to internal Mg layer since the diffusion 
rate of a hydrogen atom is quick rather than Mg layer. 

[0070] although the inclination for the whole Mg layer thickness to become thick and for it to be alike, and to follow 
and for hydrogen-desorption temperature to fall hears like a Pd/Mg/Pd three-tiered structure object also as a multilayer 
laminated- structure object according to drawin g 12 , it turns out that hydrogen-desorption temperature serves as about 
1 law at the low temperature of about 90 degrees C in 400nm or more in whole Mg layer thickness 
[0071] (Test evaluation 5) 

By the <sample production> A method, Mg layer thickness produced the sample of the three layer laminated-structure 
object of Pd/Mg/Pd which is 200nm on the quartz substrate. Each sputtering condition of Mg and Pd presupposed that 
it is the same as that of the test evaluation 2. However, Pd layer thickness could be 5nm. 

[0072] the sample of which the <test evaluation method> production was done — the atmosphere — ****- it was made 
to move to a hydrogenation chamber, holding in a vacuum without things, and hydrogenated by holding it under the 
atmosphere of 373 K by hydrogen-gas-pressure 0. 1 MPa for 24 hours 
[0073] Subsequently, the light transmittance of a sample was measured. 

[0074] <Test evaluation result> drawjng_I3 shows the relation between light wave length and a light transmittance. 
[0075] According to this drawing, a Pd/Mg/Pd three-tiered structure object has the absorption end in 205nm, and the 
light transmittance is high as wavelength becomes long to about 400nm of light wave length, and it is understood that 
the light transmittance is changing at 25 - 32% in the visible region of 400nm or more of light wave length. That is, this 
means that the Pd/Mg/Pd three-tiered structure object with which occlusion of the hydrogen was carried out to Mg 
layer is transparent and colorless. 
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Wfc.li, f^T*li, Mgl<Ol|?i f 8 0 0 nmJil>±^i3 
v^TTK^femiaS^ 1 1 orgJS^T-f&TLTv^OC 
WL, |tf#T*liMg®<DJp?^8 0 0 nmflll^v>T 
9 0t)t:ST*iTLO^o Sfc, Klfcfffffii <9*^!^*£ 



[0 0 6 4] Pd/Mg/Pd3Wij|ftT*li, M 
giroS?i { 4 0 0 nm&±.Kio^XfcmimizmAtf 
ify^gfofrhmmLtztf, Z\<nz\ti<zZ: *K P diO 

J: l?«««^ft^^SS-r^SP&T^g^ *> COT-* 

A-fv-bxilHmt-t o 

[0 0 6 5]iaiiD, Pd/Mg/Pd 3*«*«ig 
#14, P d/Mg 2 Sv^asfttti 

MglcOtp^AWv^-g- (400~800nm) 
* *i t 4: * t ^ 1 Z. t i>mU Ztifzo 

[0066] (wum 4 ) 

<K3H-ftK>Mg«WJ¥$*2 0 0 nmCBIL, Ai* 
SC«fc>K Pd/Mg/Pd3i«l*jtft (Mgf©^ 
M52 0 0 nm) , Pd/Mg/Pd/Mg/Pd5 

mmmmm# (Mgio^f?4oonm) , Pd/ 
M g /-/p d immmm^ {ugm^wmz e o 

0 nm) 9««g«itft (Mgm<n<£fcm2 8 0 0 n 
m) > 1 lSa*«igft (Mg*coifeftI¥^ 1 0 0 0 n 

m) jkvi 3mmmM?kfc (Mgm<n<kfcmz 1200 

nm) <om\*JJ7 *mWL±\zl:*i?ti1>tWk\.tz 0 Mg 
ailTdom^^? 9 'J >^*fH4, K^lffffi 
2 fc|S|-£ L^o 

[0 0 6 7] <K^M7jft>^6ttC0^tl^ttc0K*4 
[0 0 6 8] <««fFfiBi»*>ia 1 Hi, m gmco&w 

t*mi&mmt<7?mm*7f;i-o mi 214, M g go 

RU t 12lZi$^X. P d/Mg/P d 3 S«*#itftco 
T'-^li, ^M3W-?^«fflL/;tOTife 

[0 0 6 9] Ell ncitttf, Pd/Mg/Pd3ii 

itfii-Ci4M g »co^ft(? & *W < ft o X *3RJfcffiftO 
1&T**ft<, 4. 5-5. 0K»%^t5t?-^i*^L 
t^SOWi. P d/Mg/P d 3Ji*Hffc-Cli, 
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Kf#i:Tt4<)<OT-*Si:fx.<bn*o £*ifc»U 

mfr^m\z*itz*mjf*tf*mw.i-\zm®.zix, mm. 
z ft tz *mm?-rfmft p d n i*i * im t tz & tc * w h;t 

MgiiH P dWO^d'^lg^SftaKj&'av'i 

[0 0 7 0] il 2lCfc*U4\ #Jf LT 
t, Pd/Mg/Pd3Ma#tH«, MgiW4# 
W. £ *»If < ft * ic&o T**iStttliagE#<g:Ti-&«l6]** 
ffitetlZhOO, Mgm<D£foW-Z 4 0 0 nmJW±ICiJ 
^TjJcSSttffiffiSETFiKl 9 0 *C fc v» -5 fi^iatTttK-je 

[0 0 7 1 ] (RfMPfli5) 
<Kftf^Si>Aj*UJ: I), MgiWf$^2 0 0 nmO 
Pd/Mg/Pd 3*8W«ii#OK»«r53£»«±U 

5nmiU: 0 

[0 0 7 2] <WWtt#tt>fls«L 

1- £ t ft < l*: s zxmit?- + Kf* 

ft*-*, **i*7k*#*E0. 1 MP aT-3 7 3 KO# 

[0 0 7 3] *v»t\ 6W03t2a^S-ttiWL/Co 

[0 0 7 4] <tttMHiBtt*>H-l 3 14, ftS 

[0 0 7 5] mmz£tU£, P d/Mg/P d 3Sfl|ji 
*l±2 0 5 nmi:WS^U *«fift4 0 0 nmi 

■ctt***«ft < ft a cB69-c*aa*i«* < ft o -c & 
5-3 2%r-i#Ltv^(7)»i 0 :n 



14, MgJB^*3R5WRj«$nfcP d/Mg/P d 3ii 

inffioffimftm^] 

[mi] *%w<D%mw>m\mzimwmmmm&<D 

[02] RF3cm-W*ha>As'iy?V>ymm<Vffi 
J&0T-&& o 

[0 3] MgO^/<7 * 'J >*n$<*>A r **^ffit7K*fe 

ai i w h « * 1- ^ v 7 m x h z> „ 

[04] Pd/Mg2*»«fliat*0»**^-t-«iCBI 

[051 K«fFfiffi2Ulstt4MgSioJP&i:*3R&ffia: 

[06] «^IFfii2lci3(t^M g gcoJ¥?t7R*S!:mia 

[0 7] P d/Mg/P d 3 jjrf 

[0 8] *fHfcLfcP d/Mg/P d 3 JMWfl*it#<0 
ffil»#ajRIB (TDS) »|f0^7T^*«tSt^ 

[0 9] W®?l¥{ffi3 K^&Mg Ji Off 

[01 0] $UR8f{ffi3 lci3lt*MggOJ¥* tTKMtD 

[011] t£®fcfiMffi4 U£>i7&Mg§o£#l¥£ him 

faitimt ©H#J,Tt/7 7iT^4o 

[012] f*|*ffFtifi4 Ufctt*MgJB«>£#JP£ fc*3R 
ft ffl & JS t © Mtt * * -T V 7 7 0 T- £ Z o 

[013] Pd/Mg/Pd3i»^«»7feMi: 

fts®* fc cd * m-t r y y mx * „ 

1 tmwffimmsfc 

2 

2 a -j-yttttiea 

3 



[01] 



[02] 
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70 > M-y©il 



(72)3S^# IS# W« 

JAft^m^ftrtTitLU 1-7-1 

(72)»H* W3S «- 

jA^mmiKftrfT^UJ 1-7-1 Jt:m±^ 

rumm^Mmm2 -10- 1 i£a*j£h 
(72) §tw% mm mm 

2-10-1 £ airsb 

(72)i&b^# «n * 

l£ft»^HTRf*fl5 2-10-l JaU^M 

(72)|&BJ# 

)J;S»^:TtTH«* 2-10-1 EliiS 

s&xum#T-b > * - ftwam&ttffn 

(72)*9S* lu# m- 

It*»«35W«F*Wr«r«i3#l-» V7jr 



(72)I§BJ^ iU^ ft 

<72) saw* tts sift 

£A*£^gBJff*TO*i3«=l-i§- V7: 
(72)*9!* *- 

F ? — (##) 4F100 AB09A AB24B AB24C AB31A 
AR00B AR00C BA03 BA06 
BA07 BA10B BA10C JA11A 
JD14A JD16 JD20B JD20C 
JL08B JL08C JM02A JN01 
YY00A 

4G040 AA33 AA34 AA36 AA46 
4G140 AA33 AA34 AA36 AA46 
4K029 AA09 BA02 BA21 BB02 BB08 
CA05 DC03 DC04 OC39 EA03 
5H050 CB16 



